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ep_VaZXZaO j O WV\glYy[eZaV\g_[^]hVX`eb0.
,cª&1 2"  3 #  &)(
~Mª  & 'G#)( "%4 &+,5L
yª  & 'G#76 "%* &+,-P&
8µb:9yYMO,bymO j OZ  ` fqrO] ( glYMpZ  ` fqrO] 6
mwJy[iNPd.dMp_`WmwJyOBV\g_glY j OZ  ` fqrO] ( ghYMpZ  ` fqrO] 6
jf NP` j YMZ\[^]_Va`cb j Y.mwJ3[iNPdFglYMp 6
m`cYMp_[eb]KghYMpZ  ` fqrO] 6   b  p  dy[ep (
mwJy[iNPd j OZ  ` fqrO] 6 ghYMpZ\[>ep_VaZXZaO j O WV\glY3[iZXVXg_[^]_Va`cb
8µb:9yYMO,bymO j OZ  ` fqrO] 6 glYMpZ  ` fqrO] (
mwJy[iNPd.dMp_`WmwJyOBV\g_glY j OZ  ` fqrO] 6 ghYMpZ  ` fqrO] (
jf NP` j YMZ\[^]_Va`cb j Y.mwJ3[iNPdFglYMp (
m`cYMp_[eb]KghYMpZ  ` fqrO] (   b  p  dy[ep 6
mwJy[iNPd j OZ  ` fqrO] ( ghYMpZ\[>ep_VaZXZaO j O WV\glYy[eZaV\g_[^]hVX`eb
yª 1 2"  ; #  
<6
~Mª&1 2"  3 #  &)(
TW`cN>N[i]hVX`eb j O,gmwJy[eNPdygglYypZX[PcphVXZaZXO j O WVXghYy[iZXV\gh[i]hVX`eb
f  #= ?>A@+BC@+B 8)G
D $P	+ 8  NE-,F  GP&  
# H)I " J 
N+, 
"GL
LK
M  C 
, 
#$DN
N* )G
N+N $ND
M  C 
,>ON  ))PP
 )EQRDPSND
M $P #T"N
>	
5
   
P&$DTP
N IN )LDL
  N
!P2 ) O
UV Î{¾µÁ8Á8¾KÀrÉºÅÁ«·:»XW5ÂvÁ8»½ÉºÅÄv¾¤¼Ì¸Æ«ÉºÂv·8Àr¾KÆ8¾l·8¸Ò5·:»½Æ«¾¾rÅÀrÉºÏÒvÁ8¾Æ8¾lÂv¼½¾lÏ¾rÅÁ}Ä^¸wÅvÆ}¼Ì¸Ä5¾rÂZYv»X[rÏ¾§» Á«Ãr·8¸_Á«»½ÉºÅ
Ä5ÂÅ5ÉºÂ,¹¾l¼¸w¼X\ºÉº·8» ÁE]5Ï¾^5ÉºÅÆ«¾·:¾lÒiÉº·¢Á«¾r·8¸`_¤¼Ì¸¤·:¾lÏ¸w·+aÂ5¾7b V M V M V
ÕM¶.Å)JLKNMPONO
    N  
M P
  # L
3"N
 "%P
;   
NP
 G
 /  ,"N
 L   )G
 4CD?"N
 "%P

LRD  NP
 	8GN 5&P # )L
  
&$DF    $I G 
"+8
	`&
P
! # )L
 
 P
 	
 
(OB]hONPdyg j Om[eZXmYMZO,gl]O¦{O,mº]_VcONPOb]]_phLvgKZa`cbMPd3`cYMp j Va¦  phO,bc]_O,gKpw[iV\gl`cbygª
d3`cYMp#m[eZXmYMZXOp>ZaOFm`cYMpw[ib]PghYMpPYMb ` fqrO],³}`ebm[eZXmYMZXO1Z  VXb]hO,p_[cmº]hVX`eb j O@mO]` fqrO]#[ eOvm#ZXO,g
[iYf]_phOvg³Mm  Ovgr]  j VXp_ORxYMOmwJy[cxYMOmwJy[iNPd.dMph`fmwJMOROvgr]¨m,[iZ\mYMZ  ³fdMYyVXg jf NP` j YMZ  £
 Fdy[epl]_Vap j O1mODm`eYMpw[ib],³`cb m[iZ\mYyZaO#ZXO#mwJy[eN>d ghYMp
Z\[@ep_VXZaZXO j O WVXghYy[eZaV\gh[i]hVX`eb³(O] j `cbymmO
m[eZXmYMZO,gl]K¡:[iVa]¨[iYf]w[ib] j OR¡¢`eV\gxYMOZXOBby`eN yphO j Vab]_Opw[emº]_Va`cbyg` fqrO]l ` fqrO],£
"$# &!'(*)*+-,/.021432+) )
¨`eYygdyp  glO,bc]_`ebygZ  [eZac`ep_V´]_JMNPOBgh`eY3ggh[¡¢`ep_NPOR`edf]_VaNPV\g  Oe£
Ê¢ÔÕÊËÐ
 	
 u5yfey5cf 
|yª &  
P
 +)   	N

 8	$L
     !"  # 
 P
>#  $N
 "%

,cª  #  
 N
 ON  ))G
 
s[iZ\mYMZgh`eYyp_mO,g
~Mª  & 'G#)( 
#$D ghV     `ebFm,[iZ\mYMZXORZaOm`cYMpw[ib] =   ?KghYMpZ\[>gh`eYyp_mO >dy[epl]_Vap j YFmwJy[eNPd1VXbymV j O,bc] ghV    ³f`eb@NPO] qr`eYMpZXOm`cYMpw[ib]5=   ?">dy[iph]hVXp j Y@p_O]h`cYMpglYypZX[Pgh`eYMpwmOD=    ?
Pdy[epl]_Vap j YFm`cYMpw[ib]     ³3`eb@m[eZXmYMZaORZXOmwJy[iNPd j ORZX[gh`eYyp_mOBghYMpZ\[cphVXZXZaO j O WV\glYy[eZaV\g_[^]hVX`eb
~Mª 1 2"  ; #  
*( 
# ªf`eb j V\gldu`cghO j YFm`eYyp_[ebc] =   ?d3`cYMpK]h`cYf]hOvgKZaOvggh`eYMpwmOvg
s[iZ\mYMZ` fqrO]wg
yª  & 'G#)( 
#$D	# "%
VXbc]_Opw[em]hVX`ebB|
Q3ª  #   &76 
&$D>
	#D6 (
TW`eNPNPO j O,g¨mwJy[iNPdygmp , gdy[ipZ\[Pgl`cYMpwmO 6 >dy[iph]hVXp j Ovgm`eYyp_[ebc]wg5=   ?KghYMpZ  ` ygr]w[emZaO (
Vab]_Opw[emº]_Va`cb Vab]_Opw[emº]_Va`cb = ,
Q3ª 1   ; &  
 6
 Mª  :' E  $ Vab]hO,p_[cmº]_Va`cb  
jf NP` j YMZ\[^]_Va`cb j Y@mwJ3[iNPd.mp , dy[ipZXO,ggh`eYMpwmOvgKglYMp (
m[eZXmYMZ j YFm`cYMp_[eb]KghYMp ( ghV ( Ovgr]YMb@` MqrO](ªym,[iZ\mYMZ j Y@m`eYMpw[ib] =   ?dyYMVXg j YFmwJy[iNPd@glYMpZ\[>ep_VaZXZXO j O WV\glY3[iZXVXg_[^]_Va`cb ghV ( Ovgr]YMbMOgh`eYyp_mOÇªW`ebFgr]_`fmeOBZ  VabM¡¢`ep_NP[i]hVX`eb@gl`cYMpwmOµgh`eYMpwmO	=   ?
 Mª 1  #  N
N3
 P
 L   "PL

yª 1 2"  ; #  &)( ªf`cb j VXghd3`glO j YFm`cYMpw[ib]5=   ?ghYMpZXO,gK` MqrO]_gmp  O,gKdy[epKZaOvggl`cYMpwmO,gj YFm`cYMpw[ib]5=    ? j [iYfn.Vab]hO,p_[cmº]_Va`cbygOb]hp_ORZaOvggl`cYMp_mO,gÇmwJy[ebMeOR` MqrO]_g
  ª  & 'G#)( 
#$D	# "%
VXbc]_Opw[em]hVX`ebB|
fª  #   &76 	* L+P-P&
TW`eNPNPO j O,g¨mwJy[iNPdygmp , gdy[ipZXO,gK` fqrO]wg 6 >dy[epl]_Vap j Ovgm`cYMp_[eb]_g5=   ?KghYMpZ  ` ygl]_[emZaO (
Vab]_Opw[emº]_Va`cb Vab]_Opw[emº]_Va`cb = ,
fª 1   ; &  
 6 ª  :' E  $ Vab]hO,p_[cmº]_Va`cb  
jf NP` j YMZ\[^]_Va`cb j Y@mwJ3[iNPd.mp , dy[ipZXO,ggh`eYMpwmOvgKglYMp (
m[eZXmYMZ j YFm`cYMp_[eb]KghYMp ( ghV ( Ovgr]YMb@` MqrO](ªym,[iZ\mYMZ j Y@m`eYMpw[ib] =    ?¤dMYMV\g j YFmwJy[eNPd.ghYMpZ\[cphVXZXZaO j O WVXghYy[eZaV\gh[i]hVX`eb ghV ( Ovgr]YMbMOgh`eYyp_mOÇªW`ebF[ jMj V´]_Va`cbMbMOmObM`cY eOv[iY.m`eYyp_[ebc] =    ?Pgh`eYMpwmO gh`eYMpwmO =   ? ª 1  #  N
N3
 P
 L   "PL

  ª 1 2"  ; #  &)( ªf`cb j VXghd3`glO j YFm`cYMpw[ib]5=    ? j [iYfn.Vab]hO,p_[cmº]_Va`cbygOb]hp_OR` fqrO]_gj YFm`cYMpw[ib]5=    ? j [iYfn.phO]h`eYyp_g j OvgK` fqrO]_gghYMpZaOvggh`eYMpwmOvg
TW`eNPN[^]_Va`cb j O,gmwJy[eN>d3gglYMpZ\[>ep_VaZXZXO j O V\ghYy[iZXVXg_[^]_Va`cb
,cª&1 2"  3 #  
 'N
  N  ))G
 
ÕM¶.Å)JLKNMPONO
   N  
f  #= ?>A@ L@+B 8)G
TDP  $P	+ $+ &	
P)) F# 
> 	 )G
TN
 
 N-  C J$  H 
 + 

G&
LK
M  ,   # E  $   ON  L
  &;D  F E# 
  	 )G
  N
	   ) 	#P&) 
  	&O K±  = <f B v B ­E@  F² ,­{ ^±  Ö @ B ¯P²  Ö F  5¯ 	\/@  B ¯v 	f¯ B ­E@ @
M    # E  !" 
#P

M  &!  5 # L
   	:K 5GP$ 	 
N -P
8"%P
 3L   $
 
,L 	DD J  M  F/  R)D
	5>P
) QRN $P&OP
 )L NE L
  D   " Z F ;EQRDE  "NPDZ# )) & , ) I  ,  & $ 	#L  	  GPN ))P?
Z M   F  1L
N 
,D ID-P  $!" E $ 
  
N P-T    	#  
 &TNO N	C  ! & &
M P
 & &
 
L	
 	# 	   1 25, >ON  1 &    N  )) 
  	&O
M P
*  L
 
D: *N  " 	 
L  
+
&&
)8-N 
"#7GD4 	 5P
$P
 L   )G
P&  P
>"%P
!PP
 ON  ))G

M  2EQ N NON4GP 
  +
N    1  P
 )8DIP
 
:   
7¨b j Op_bMVXOpdu`eVXbc]Ovgr] >dMp  mVXghOpm`cbymO,phb3[ib]Z\[m`cNPdy[ipw[iV\gl`cb j Ovg j OYfn@[iZXe`cphVa]hJMNPOvg£
f  #= ?>A@ L@ 
M²u­ B ¯Ö  B @ B ¯ B M²W,¯  @  B ¯ /@  B ¯v 	f¯ B ­E@  ®²M²3­  B ¯ 
­FÖ¯ B  B vA 3A= W² B ² y(¯ ­u(¯ D² 	c¯v­u D5 1² ,­{ ^±  @5@  ¯A± 	c¯v­u  @	W,¯
F  B   @±e­{ F(¯  &@(²  @(­{ C W² y²3­  B ¯ ?=  ²¢­ ^   ²   f B   B ¯,	f¯ B ­E@7@
s¤O]l]_Op_ON[ipwxYMO
Ovgr] #[ip j OpBOb N  NP`eVXphOZa`cp_g j O>ZX[.m`cNPdy[ipw[iV\gl`cb j O,g¨]hO,NPdyg j OPm[iZ\mYyZÖO,bc]_phO
ZXO,g j OYfn@[iZXe`ep_Va]hJMNPO,g,£
  " 	,	&Ö' " 	
) " '
)1¤$%) " -  )1    '
 ; 	 "  $%
(O ghmphVXdf]#dMp_Vab3mVXdy[iZb  mOvghghV´]_O j O,gD[ip_eYMNPOb]wg j [edMd3O,ZghYMdMdMZ  NPO,bc]w[iVXphOvgPdy[ippw[idyd3`cpl] ZX[
cOpwglVX`eb1VabyV´]_VX[eZaOÇª
QP[ephcYMNPOb]_gK` MZXVa[^]h`cVap_O,g
H ZXObM`cN Mp_O j Ogl`cYMp_mO,g
H ZXObM`cN Mp_O j ` fqrO]wg =¢VXbymZXYy[ebc]ZXObM`eN Mp_O j ORgh`eYyp_mO,g ?
H ZXObM`cN Mp_O j Va]  p_[i]hVX`ebyg
H Yyb1O,bc]_VaO,p|
`cY ,RxYMVduOp_N>O] j O V\ghYy[iZXVXghOpK`cYDbM`cb1ZXO,gmwJy[eNPdygÖqrYygr]_O[idMp_L,gZXOBp_O]_`eYMpghYMpZ\[Pgl`cYMp_mOe³ j [ebygKZXO yYf] j Om`cNPdy[ip_OpKZXO,gm`cYMp3Ovg[ eO,mZ  [eZac`ep_V´]_JMNPOVXbMVa]hV\[iZ
,R[ephcYMNPOb]`edf]_Va`cbMbMO,ZxcYyVeL,phOBZX[¥yb j OvgVa]  pw[^]_Va`cbyg
H |
glVu`eb cOYf]§O¦uOvmº]_YMOp¤]h`cYf]hOvgÇZXO,g¤V´]  pw[^]hVX`eb3gÇgh[ebygÇYM]hVXZaV\glO,p§ZXOmphVa]hL,phO j [ephp *]v³emOBmp_V´]_Lp_OghOpw[ jf ]w[iVXZaZ  YMb@d3O,Y@dMZaY3gKZa`cVab£
H , =¢d3[ip jf ¡:[eYf] ?BghV}`eb[ip_p *]hO
ZXO,gBVa]  p_[i]hVX`ebyg j L,gxYMO>Z\[1m`eb eO,phcObymOO,gl][^]l]_OVXb]hOe³{`cYj L,gxYMOZXOBby`eN yphO j V´]  pw[^]_Va`cbyg j ON[eb jf Ovg[  ]  O¦uOvmº]_Y  £
Ê¢ÔÕÊËÐ
 	
 u5yfey5cf 
  + '	-.' " 	
)-  )1    '
 ; 	 "  $%
$#%  6>3  )>+ 3 ,  ) ' 3
Ö[Dgh`eYMpwmOO,gl]BNP` jf ZXV\g  O
dy[epYMbm`cphbMO] 1glkWN  ]_phVXO j O>p  e`cZaYM]hVX`ebFp_OdMp  ghOb]  glYMpBZ\[#¥ycYMp_O
,c£ ZXZaOOvgr]¨[eZaVXNPOb]  OBd3[ipYMb@NP` j OReYMV jf ³yOZXZaO  mZX[eVap_O[iZX`epwgOb.d3`cZX[ephV\gh[i]hVX`eb ,R[eY@N>` j O+,c£
X Y
Z0.8λ
4.3λ
	
/, H N -NP N+!+)   	5  +
&$D 
o`eYyp¤mO]l]_Om`cbf¥ycYMp_[i]hVX`eb³ebM`eYyg§dMp  ghOb]h`cbyg j O,YfnPm`eYMpuO,gÇp_OZ\[^]_VcO,g Z\[dyYMVXg_g_[ibymOp_[5kc`ebMb  O
O] BZX[RdMJ3[eghO` f]hO,bWYMO,g}dy[epÇZXOKm` j O j Op  ¡  p_Ob3mO"!M)#y&%)'(uW£is¤O,gm`eYMp3Ovg}`PZ\[Bgh`eYyp_mOOvgr]ÇV\gh`eZ  Oe³
ghOp_`eb]KZaOvgp  ¡  p_Ob3mO,gdu`eYMpZXO,g ^[eZaV j [^]_Va`cbygghYMV^[ebc]_O,g,£
ÕM¶.Å)JLKNMPONO
,v|   N  
−200 −150 −100 −50 0 50 100 150 200
−40
−35
−30
−25
−20
−15
−10
−5
0
Puissance rayonnee : calcul validation reference
balayage(dg)
1 source isolee
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation reference
balayage(dg)
1 source isolee
phi=0 
phi=45 
phi=90 
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Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
2iterations new−algo
1 source + 1 objet dielectrique vide 1m phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation echolight−optimise
balayage(dg)
1 source + 1 objet dielectrique vide 1m
2iterations new−algo
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight
balayage(dg)
5iterations new−algo
1 source + 2 objets dielectrique vide 1m et 3m phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation echolight
balayage(dg)
1 source + 2 objets dielectrique vide 1m et 3m
5iterations new−algo
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
1 source + 1 objet metal deaxe
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Puissance rayonnee : calcul validation reference
balayage(dg)
1 source + 1 objet metal 1m phi=0 co
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Phase: calcul validation reference
balayage(dg)
1 source + 1 objet metal 1m
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phi=45 
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Phase: calcul validation echolight−optimise
balayage(dg)
2iterations new−algo
1 source + 1 objet metal 1m phi=0 co
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phi=45 cross
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Puissance rayonnee : calcul validation reference
balayage(dg)
1 source + 2 objets metal 1m−3m phi=0 co
phi=45 co
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Phase: calcul validation reference
balayage(dg)
1 source + 2 objets metal 1m−3m
phi=0 
phi=45 
phi=90 
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Puissance rayonnee : calcul validation echolight
balayage(dg)
1 source + 2 objets metal 1m−3m
1iteration new−algo
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
  ¸3Âv»½Æ«Æ ¸wÅvÀl¾
−200 −150 −100 −50 0 50 100 150 200
−200
−150
−100
−50
0
50
100
150
200
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balayage(dg)
1iteration new−algo
1 source + 2 objets metal 1m−3m phi=0 co
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Puissance rayonnee : calcul validation reference
balayage(dg)
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Puissance rayonnee : calcul validation echolight
balayage(dg)
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight
balayage(dg)
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight
balayage(dg)
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight
balayage(dg)
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight
balayage(dg)
1 iteration
Septet phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight
balayage(dg)
2 iterations
Septet phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation reference
balayage(dg)
1 source + 1 objet metal 0.1m
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
1iteration new−algo
1 source + 1 objet metal 0.1m
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
1iteration+RetourSrc new−algo
1 source + 1 objet metal 0.1m
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
  W U » Á«Ãr·8¸_Á«»½ÉºÅ
¸r¹¾lÀ¤·8¾µÁ8ÉºÂ5·Æ«Âv·¼Ì¸Æ«ÉºÂv·8Àr¾
−200 −150 −100 −50 0 50 100 150 200
−40
−35
−30
−25
−20
−15
−10
−5
0
Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
5iterations new−algo
1 source + 1 objet metal 0.1m
phi=0 co
phi=45 co
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Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
5iterations new−algo
1 source + 1 objet metal 0.1m
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b j [ib],³}ZXO,gp  glYyZ´]w[^]_g
j u5yWcyvf phOvgr]_Ob]¨]_phLvg  Za`cVacb  g j O,gBm`cYMp uO,g j Op  ¡  p_ObymO>~ M£8µZ}kF[ j O,Yfn OnfdMZXV\m[^]_Va`cbyg 
mOZ\[ª
H ZX[BdMp_ONPVXLp_O¤Ovgr] j Y j `cNP[eVabyO j OZ\[dMJWkWghV\xcYyOe£iOKcYMV j O j `eb j OKO]Z  ` MqrO]Çgl`cb]]_phLvgdMph`fmwJMOvg³NP`eVXbyg j O j O,Yfn1ZX`ebMcYMOYyp_g j `eb j OBZXO,g¨g  dy[ip_Ob]m`eNPNPORZ  VXb j V\xcYyOZX[¥ycYMphO~iQy³fVXZXgghOm`cN
d3`cpl]_Ob][eZa`cp_gKm`cNPN>O j OYfn.dMZ\[exYMO,gN  ]_[eZaZXVXxYMOvg j YMb m`cb j O,bygh[i]hO,YMp`³u[iY.¡¢YMpO] PNPO
glYyphO j O,gp  9yOnWVX`eb3g8=8xcY3[eghVaNPOb]B]h`e]_[iZXO,g ?º³uZXO,gBZaVXebyO,g j O>mwJ3[iNPd j O WVaO,bMbMOb]Rdy[ipw[iZXZXLZXO,g,£3O
dMp_` MZXLNPORO,gl] j `eb3mVXbf¥ybyVO]bMOduOYM]*]hp_ORp  gl`cZaY@xYMOReZX` y[eZaO,NPOb][ eO,m !M$#M&%)'({£
H ZX[ j O,YfnfVaL,NPOBOnfdMZaV\m[i]hVX`eb.m`eb3mOp_bMOBZX[NP` jf ZXVXg_[^]_Va`cb j Y.dMp_` MZXLNPOc£ }]_[ebc] j `cbMb  OZ\[¡:[iVMZaOj V\gr]w[ibymOPxYMVÇg  d3[ip_OZ\[@gl`cYMp_mOO]Z  ` fqrO],³Z  ` fqrO]Ovgr]m,[idy[ MZaO j OPp_Ob e`^kcOp j O,gR`eb j O,g j O
N+*NPO>¡¢p  xcYyObymOPxYMO>Z\[.gh`eYyp_mO8.Z  VXbc]  p_VaO,YMp j YeYMV j O j `eb j Oc£  [iZXVaNPOb]w[^]hVX`eb O,gl] j `ebym
NP` j V´¥  O[iY1¡¢YMpO] NPOvglYMp_O j O,gKVa]  p_[i]hVX`ebygKO]ZaORNP` j LZXO[em]hYMO,Zb  Ob.]hVXOb]dy[cgm`eNPdf]_Oe£
  [eZac`ep_V´]_JMNPOu5yfey5cf bMOd3O,Yf] j `cbymBdy[eg"*]hp_O[idMdMZXV\xcY Rj [ibygKYMbyOR]hOZXZXOglVa]hYy[i]hVX`eb£
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o`eYyp ^[iZXV j Op
by`i]hp_O1[eZac`ep_V´]_JMNPO#glYyp j O,Yfn ` fqrO]_gdyph`fmwJMOvg³Ö`eb m`cbyghV j L,phOYybMO1gh`eYMpwmODO]Yyb
 mZ\[^]_OYMpm`cNPN>OPZ  VXb j V\xYMOPZX[1¥ycYMp_OP~W£OmwJM`cV´n j OPmO]h]hO  `eN  ]_phVXO[  ]  ¡:[iVa] j OPN[ibMVXLp_O	
 WV´]_OpZXO,gKdMp_` MZXLNPOvg j Om`cb j Ob3gh[i]hOYypp_Ob3m`eb]_p  g¤dyp  m ,j ONPNPOb],£
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Z
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Puissance rayonnee : calcul validation reference
balayage(dg)
1 source + eclateur
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Phase: calcul validation reference
balayage(dg)
1 source + eclateur phi=0 
phi=45 
phi=90 
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Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
1 source + eclateur
1iteration new−algo
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
1 source + eclateur
1iteration new−algo avec retour src phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
1 source + eclateur
2iterations new−algo phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
1 source + eclateur
3iterations new−algo
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
1 source + eclateur
5iterations new−algo
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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Puissance rayonnee : calcul validation echolight−optimise
balayage(dg)
8iterations new−algo
1 source + eclateur
phi=0 co
phi=45 co
phi=45 cross
phi=90  co
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p_[edMdu`eph]*) j+
Va]  p_[i]hVX`eb ,   £   ~ j
Va]  p_[i]hVX`ebF~    j
Va]  p_[i]hVX`eb@  ,   j
Va]  p_[i]hVX`eb.Q µ~"  j
Va]  p_[i]hVX`eb       j
Va]  p_[i]hVX`eb   «Qf j
Va]  p_[i]hVX`eb     j
Va]  p_[i]hVX`eb      j3 4 6 /,  H   )- $   N  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-OYfn1` fqrO]_g Va]  p_[i]hVX`ebyg  
Va]  p_[i]hVX`ebyg  V´]  pw[^]hVX`eb3g
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TWYypRmO]BOnfONPdMZXO`  ZXO,g j OYMn@` fqrO]wggh`eb]]hp_L,gdMph`fmwJMOvg³uZ\[Dm`cb eOp_eO,bymOOvgr]RdMZXYyg j V  #mVaZXO	
g   ]_[ MZXVapv£{s¤O,d3O,b j [ib]v³u[eY j OZ j O
Z\[ j O,YfnfVaL,N>OV´]  pw[^]_Va`cb³yZ\[#dMYyVXg_gh[ebymO
p_[5kc`ebMb  ObMO 5[ephVXOdMZXYyg
uO,[eYym`cYMd@m`eNPNPORZaONP`cbc]_phORZ\[¥yeYMp_O~iy£
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¨`eYyggl`cYMJy[eV´]_`ebyg  ]hY j VaO,pÖZ\[¨m`eb eO,phcObymO j Y
ZX`ecVXmVaO,ZeOb¡¢`ebym]hVX`eb j O¤ZX[ j V\gr]w[ibymO¤gh`eYMpwmO«` fqrO]v£
© dy[iph]hVXp j O¨Z  OnfONPdMZXO j Y1glO,df]hO] j [ib]_ObMbMOvg³bM`cYyg¤mwJy`eV\glV\ghgh`eb3g j OYMn[eb]hObybMO,gmVXOp_eOvg§[ eOvmYMbMO
[eZaVXNPOb]_[i]hVX`eb N>`cbM`iµgh`eYMpwmOc£Ö[ ¡¢p  xYMO,bymO.O,gl]P¥Mn  O ~e|M£½~  e£3¨`eYyg[eZaZX`ebyg
¡:[iVXp_O ^[ephVXOp>ZX[
j VXgl]_[ebymORmO,bc]_phO5>mOb]_phOBOb]hp_OBZaOvg j OYfn u`eYMcVaOvg³WbM`e]  O#ghYMpZX[¥ycYMp_Oe|O]p_OZXOcOp§ZXORbM`eN Mp_O
j Va]  p_[i]hVX`ebygRb  mOvghg_[iVXphOvgBd3`cYMp   phVa¥yOpRZXO#mp_V´]_Lp_O j O#m`cbcOp_eO,bymOI=8~$?ªZaOvgVa]  pw[^]_Va`cbygRg  [ip_p *]hO,b]
j L,gZX`epwgxYMOZ\[m`cb]hp_VMYM]hVX`ebFO,gl]¨VXbf¡  p_VXOYMp_O>>   | j £&¨`eYygm[eZXmYMZa`cbygmO
mp_V´]_Lp_O j [ib3gZXO,g]_ph`cVXg
dyZX[ebyg j OBm`eYMduO,gdMp_VXbymVXdy[iYMn 5  M³   .  eO]  ,   eO]KZaOvg 5[eZaO,YMpwggh`eb]KphO,d3`cpl]  Ovg j [ebygZaO
]w[ MZXO,[eY , f£
Ê¢ÔÕÊËÐ
 	
 u5yfey5cf c
X
Y
0 0.01 0.02
-0.005
0
0.005
0.01
0.015
0.02
d
	
 {e| H  N -N N+5P
 
I)L P&CP
 + S"P
 
-¨O,Yfn.[eb]hObybMO,gmVaO,phcO,g   #  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  
`eN Mp_O j Va]  p_[i]hVX`ebyg ~ ~ ~ ~
8 ]  pw[^]hVX`eb ,
 5   |y£ |c   j  |y£ |c|iQ j  |y£ |c| j |M£ |e|"  j
   .   |y£ |ce| j  |y£ |c|"  j  |y£ |c| j |M£ |e|"  j
  ,    |y£ |eQc j  |y£ |c|iQ j  |y£ |c| j |M£ |e|"  j
8 ]  pw[^]hVX`ebF~
 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TWYyp¤Z\[R¥ycYMphOG,e³cbM`eY3g§[ e`cbyg}]_p_[cm  Z\[m`cb]hp_VMYM]hVX`eb j OZX[ j OYfnfVXLNPOVa]  p_[i]hVX`ebOb#¡¢`ebym]hVX`eb j O
Z\[ j V\gr]w[ibymO d3`cYMpZXO,gK]_ph`cVXgKdMZ\[ib3g j Om`cYMd3ORdMp_VXbymVXdy[iYMn{£{s¤O]l]_Om`cbc]_phVMYf]_Va`cb1Ovgr] j [iYM]_[ib]dMZXYyg
b  eZXVXeO,[ MZXOBxYMORZ\[ j VXgl]_[ebymO Ovgr]  ZaO   OÇªWZX[m`eb eO,phcObymO¨O,gl][iZX`epwg 3Ov[iYym`eYMd.dMZXYygpw[idMV j Oe£
-Od3[ipg_[#ghVaNPdMZXV\mVa]  ³{mO>m[cg]hOvgr]BbM`eY3g[duOp_NPVXg j O 5[eZaV j O,p¨Z\[Dm`cb eOp_eO,bymO j ObM`i]_phO>[iZXe`e
p_Va]hJMNPOO] j OqrYygl]hVa¥yOp¨ZaO
mwJy`eVan j ObM`e]hp_Omp_V´]_Lp_O j [ip_p *],£ bF¡¢`cbymº]_Va`cb j O,g[edMdMZXVXm,[^]_Va`cbygO] j OZX[
dyp  mV\glVX`ebp_O,xYMV\glOc³cZXORglO,YMVaZ j O   | j VXNPd3`g  d3`cYMp¤Z  [ip_p *] j Ovg§Va]  p_[i]hVX`ebyg¤glO j `eVa] j *]hp_ONP` j Va¥  £
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coupe φ=0
coupe φ=45
coupe φ=90
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¨`eYyg[ c`ebyg¤dMp_`edu`cg  YMbMO eO,p_ghVa`cbDNYMZ´]_V´µgh`eYMpwmOvg³fVa]  p_[i]hVeOBO]`edM]hVXN>V\g  O j Y@Za`ceV\mVXOZ
u5yfey5cf{£us¤O]l]hO>bM`cY eO,ZaZXO eO,p_ghVX`eb [  ]  ]hOvgr]  OghYMp j O>bM`eN MphO,Yfn@OnfONPdMZXO,gOnW]hpw[iVa]_g j O 4 ,6«£
Ö[m`cb eOp_eO,bymO[  ]  ` yghOp  Oe³iN+*NPOBglVy]h`eYM]hO¡¢`cVXg j [ebygÇZ\[dMZXYMdy[epl] j O,gglVa]hY3[^]hVX`eb3gÇYMbMO`eY j O,Yfn
Va]  p_[i]hVX`ebygglY ghOb]>d3`cYMpp_O]_ph`cY eO,pZX[ gl`cZaYM]hVX`eb j O1p  ¡  p_ObymOe£s¤Oph]_[iVXbyg
d3`cVab]_gp_O,gl]hOb]>Obym`ep_O
1p  eZXOpm`eNPNPO>Z\[ j V´¦  p_Ob3mO j OPdMJy[cglOPOb]_phO	!M)#y&%)'(u>O]u5yWcyvf@`eYObym`ep_OZXO,gB]_ONPdyg
j O m[iZ\mYyZK]hp_`edZa`cbMcg,£ © 5[eb] j O m`cbyglV jf phO,p j [eYf]hp_O,gm,[eg>]hOvgr]wgdMZXYygp  [eZaV\gr]_O,g,³VaZ¨dy[ipw[\] j `ebym
dyphVXNP`ep j VX[eZ j Og  VXbc]  p_O,g_glO,pPZ  [emm  Z  pw[^]_Va`cb j 35yfcy5fu£
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  V jf OBm`cbyglV\gl]hO [cmm  Z  p_OpÇZXO¨g_mp_Vadf] j 35yfey5W®Ob#Yf]_VaZXV\gh[ebc]¤ZaOvg§p_O,g_gl`cYMpwmO,g j O¨dMZXYyghVaO,YMp_g
N[cmwJMVabyO,g,£L`cYyg[iZXZX`ebyg j `ebymRdy[ep_[eZaZ  ZXV\glO,pZaOvg 3`cYymZXO,g j [ib3gZaOvghxYMO,ZaZXO,gZaOvgm[eZXm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